Results Early postoperative and at 1 year mean pressure gradients (MPGs) in the various groups ranged from 7.2 AE 4.6 to 7.1 AE 2.4 mm Hg and from 10.0 AE 4.3 to 8.0 AE 2.8 mm Hg in the SJM Trifecta group and from 18.0 AE 5.0 to 12.1 AE 3.6 mm Hg and from 17.7 AE 4.5 to 11.8 AE 3.2 mm Hg in the CEPM Ease group, respectively. Likewise, effective orifice areas (EOAs) ranged from 1.7 AE 0.5 to 2.0 AE 0.5 cm 2 and from 1.5 AE 0.3 to 1.7 AE 0.4 cm 2 in the SJM Trifecta group and from 1.3 AE 0.5 to 1.9 AE 0.5 cm 2 and from 1.2 AE 0.3 to 1.8 AE 0.3 cm 2 in the CEPM Ease group, respectively. A marked left ventricular mass (LVM) regression across all annulus sizes was noted in both groups. Severe patient-prosthesis mismatch (PPM) was infrequent overall. Conclusion The SJM Trifecta valve showed lower MPGs early postoperative and at 1 year as well as higher EOA and effective orifice area index early postoperative. No significant differences were detected with regard to LVM regression and PPM.
Introduction
Surgical aortic valve replacement (AVR) represents the gold standard for patients with calcified aortic stenosis due to its low morbidity and mortality. 1 In 2013, almost 12,000 patients underwent isolated aortic valve surgery with the use of extracorporeal circulation in Germany (GSTVS Annual Registry, survey period 2013). Bioprostheses were implanted in 93% of these patients (GSTVS Annual Registry, survey period 2013), since in older patients the risk-benefit profile is more favorable for bioprosthesis than for mechanical prostheses. 2, 3 The hemodynamic performance of today's third-generation stented pericardial prostheses is comparable to stentless biological valves.
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Several studies could demonstrate that supra-annular implantation of stented biological valves provides a larger effective orifice area (EOA), as the stent and the sewing ring are positioned on top of the native annulus. [5] [6] [7] [8] Consequently, their larger EOA results in less patient-prosthesis mismatch (PPM), especially in patients with a small aortic annulus.
7,9
The SJM Trifecta (St. Jude Medical, St Paul, Minnesota, United States) combines some new construction methods, which should improve hemodynamics. The aim of the study was to validate the SJM Trifecta concept of valve design in comparison with the well-established concept of the Carpentier-Edwards Perimount Magna Ease (CEPM Ease; Edwards Lifesciences, Irvine, California, United States). For this purpose, short-term functional and clinical data after AVR with either the new SJM Trifecta bioprosthesis or the CEPM Ease bioprosthesis were evaluated. Analysis was conducted in a matched patient cohort, and a noncommercial sizer (Hegar dilator) was used to define the aortic tissue annulus diameter to allow for a better comparison of valve performance.
Materials and Methods

Patients
Between August 2007 and August 2008, a total of 61 consecutive patients underwent AVR with the CEPM Ease bioprosthesis. Between March 2011 and January 2012, a total of 201 consecutive patients underwent AVR with the SJM Trifecta bioprosthesis. For a better comparison in this retrospective study, the two cohorts were matched, resulting in 51 patients for each group. Matching was conducted 1:1 by ejection fraction (EF) (>50 vs. 30-49%), gender, age (AE5 years), and body surface area (BSA) (AE0.1 m 2 ). Early follow-up was performed within 10 days postoperatively, including transthoracic echocardiography. Transthoracic echocardiography was repeated 1 year after the operation and all valve-related complications were documented at the time of appearance according to the guidelines for reporting morbidity and mortality after cardiac valvular operations. 10 The study was approved by the local ethics committee (approval reference number: 314/13). All aortic valve lesions as well as combined procedures were admitted.
Transthoracic Echocardiography
Transthoracic Doppler echocardiography was performed according to the data requirements of the Food and Drug Administration Replacement Heart Valve Guidance, Version 4.1.
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Echocardiographic measurements included the transvalvular and the left ventricular outflow tract (LVOT) mean and maximal flow velocity and gradients. The LVOT diameter was assessed from a parasternal long-axis view using an expanded view. The left ventricular end-systolic diameter (LVESD), the left ventricular end-diastolic diameter (LVEDD), the thickness of the left ventricular posterior wall (LVPWD), and the intraventricular septum (IVS) were assessed in the parasternal view by multiple M-mode measurements.
Hemodynamic Calculations
The transvalvular mean pressure gradient (MPG) was calculated as the difference of the mean aortic and the mean LVOT gradient. EOA was calculated according to the continuity equation: 
St. Jude Medical Trifecta Prosthesis
The SJM Trifecta is a trileaflet stented pericardial valve for supra-annular implantation in the aortic position. The SJM Trifecta stent consists of titanium with vertical stent posts. The stents are covered in polyester fabric and porcine pericardium and the leaflet stitching is controlled at the top of the stent posts. The leaflets, made of bovine pericardium, are mounted exteriorly to the stent posts. Both pericardial tissues (bovine and porcine) are chemically stabilized in glutaraldehyde. The LinxAC technology is used to protect from calcification. CE certification was achieved in March 2010.
Implantation Technique
AVR was performed through a complete or partial upper sternotomy using standard cardiopulmonary bypass under mild hypothermia (32°C) with cold crystalloid cardioplegia and topical surface cooling. After removal of the native aortic valve and decalcification of the annulus, the aortic annulus diameter was first determined by inserting a Hegar dilator and then the valve size was determined using the valve sizer provided by the manufacturer. Both prostheses were implanted with pledged, interrupted, noneverting mattress sutures. All patients were discharged on a regimen of phenprocoumon (Coumadin) for the first 3 months postoperatively.
Statistical Analysis
Categorical variables are presented as frequencies and continuous variables as mean AE standard deviation, or medians and interquartile ranges for variables with skewed distributions. Accounting for the matched design, group comparisons are computed by the use of the paired t-test, the Wilcoxon signed-rank test, the McNemar test or Bowker test, as appropriate. For explorative subgroup analysis according to annulus diameter, tests for independent samples (i.e., t-test and Mann-Whitney U test) are used. Associations between independent categorical variables are evaluated using Fisher's exact test. The Kaplan-Meier method was used to estimate rates of overall survival rate, which are presented with 95% confidence intervals (CIs). All reported p-values are twotailed, with a significance level of 0.05, and have not been adjusted for multiple testing. Statistical analyses were performed with the Statistical Package for the Social Sciences version 20.0 (SPSS Inc., Chicago, Illinois, United States).
Results
Patients
Follow-up was 99% complete. One patient of the CEPM Ease group quitted the study for personal reasons. As the patients were matched, distributions of age, gender, BSA, and EF were similar in both groups (►Table 1). Baseline characteristics and New York Heart Association (NYHA) classification are depicted in ►Table 2.
Operative Data
Overall 30-day mortality was 0% in the SJM Trifecta group and 2.0% (1 patient) in the CEPM Ease group. This one patient died of multiple organ failure following septicemia, and the death was not valve related in as much as endocarditis was excluded by necropsy. Kaplan-Meier survival curves at 1 year after the operation are depicted in ►Fig. 1. In one case, the CEPM Ease valve was explanted intraoperatively because of a ventricular septal defect (VSD), which was accidentally created by removing a big chunk of calcium. A suitable, one size smaller Carpentier-Edwards Perimount valve was implanted after VSD closure. Operative data are depicted in ►Table 3.
Survival
Overall survival at 1 year in the CEPM Ease group and in the SJM Trifecta group were 90.6% (95% CI [81.1%; 100%]) and 96.0% (95% CI [90.8%; 100%]), respectively. There were three deaths during follow-up in the CEPM Ease group. Two deaths were valve related due to prosthetic valve endocarditis. One patient died of serious peripheral artery occlusive disease. In the SJM Trifecta group, there were no valve-related deaths during follow-up. However, one patient died from an accident and another one due to a metastatic carcinoma of the prostatic gland.
Adverse Events
The McNemar test showed no statistically significant differences in adverse events between the two groups (p ¼ 0.359). 
Neurological Events
Three patients suffered from a transient ischemic attack and one patient experienced a stroke in the CEPM Ease group. One patient suffered from a stroke in the SJM Trifecta group. No statistically significant difference in stroke incidence was observed (Fisher's exact test; p ¼ 0.178).
Prosthetic Valve Endocarditis
The McNemar test revealed no statistically significant difference between the two groups concerning prosthetic valve endocarditis (p ¼ 0.375). During follow-up, we observed two cases of prosthetic valve endocarditis in the CEPM Ease group. Both patients died within 3 months after the initial operation.
One of these patients received a valve replacement and the 
Hemodynamic Results
Hemodynamic results are shown in ►Tables 4 and 5.
Patient-Prosthesis Mismatch
No statistically significant difference in the incidence of moderate or severe PPM was observed between the two bioprostheses (McNemar-Bowker test, p ¼ 0.873). The incidence of moderate or severe PPM is shown in ►Fig. 2. 
Discussion
The main findings of the study are as follows.
• The SJM Trifecta bioprosthesis shows lower MPGs in small ( 22 mm), medium (23-24 mm), and large (!25 mm) annulus sizes early postoperatively and lower MPGs in small ( 22 mm) and large (!25 mm) annulus sizes at 1 year, when compared with the CEPM Ease bioprosthesis.
• The SJM Trifecta bioprosthesis shows higher EOA and EOAI across all annulus sizes (18-29 mm) early postoperatively. With regard to EOA and EOAI, no statistically significant differences between the two groups across all annulus sizes (18-29 mm) at 1 year and no differences in the different annulus sizes ( 22, (23) (24) , and !25 mm) early postoperatively and at 1 year were observed.
• No statistically significant differences between the two groups with regard to LVM regression and PPM were observed.
• Survival and valve-related complications, such as prosthetic valve endocarditis, major bleeding, and thromboembolic events, are comparable between the two groups.
To date, only two studies have compared hemodynamic data of the new SJM Trifecta valve with bioprostheses of other manufacturers. In a nonrandomized, observational study of Wendt et al, 346 consecutive patients after AVR with the SJM Trifecta, the Carpentier-Edwards Perimount Magna, or the CEPM Ease, bioprostheses were analyzed. 17 In a multivariate covariance analysis after 6 months, Wendt et al could demonstrate no influence of prosthesis type on MPG and aortic valve area. 17 In contrast, Ugur et al showed in a retrospective study of 1,436 patients after AVR with the SJM Trifecta, the Sorin Mitroflow (Milan, Italy), or the Carpentier-Edwards Perimount Magna bioprostheses early postoperative a favorable hemodynamic performance of the SJM Trifecta valve. 18 In both studies, the prostheses were compared on the basis of their size, labeled by the manufacturer. 17, 18 However, this method of comparing different valve prostheses may be controversial. In previous studies, we described that geometric dimensions of prostheses of the same labeled size of different manufactures vary widely and are thus no basis for the comparison of their hemodynamic performance.
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To compare the hemodynamic performance of different bioprostheses, we propose to refer the results to the "true" aortic tissue annulus diameter. We therefore used a Hegar dilator to measure the aortic tissue annulus diameter intraoperatively after decalcification of the annulus and prior to the implantation of the prosthesis.
Hemodynamic Results
Both bioprostheses analyzed in our study showed excellent hemodynamics early postoperatively and at 1 year, and are comparable to the results of Wendt et al and Bavaria et al.
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The superiority in hemodynamics of the SJM Trifecta might be due to the new concept of valve design chosen by St. Jude Medical. The titanium stent of the SJM Trifecta valve is thinner than the cobalt-chromium stent of the CEPM Ease valve. In addition, the stent covering of the SJM Trifecta, which is made of a thin polyester layer and porcine pericardium, contributes to the slenderness of the stent posts. In contrast to the CEPM Ease, the leaflets of the Trifecta are mounted exterior of the sewing ring, so that they can open more fully and the thickness of the leaflets is less important. All these factors are contributing to a relatively larger internal diameter of the SJM Trifecta prostheses.
However, no statistically significant differences with regard to the EOAs and EOAIs between the two groups across all annulus sizes at 1 year and no statistically significant differences in the different annulus sizes ( 22, (23) (24) , and !25 mm), neither postoperatively nor at 1 year, could be observed.
Survival
The 30-day mortality rate of the present investigation is comparable with the SJM Trifecta multicenter, prospective clinical trial of Bavaria et al with an early ( 30 days) mortality of 1.8% in 1,014 patients. 22 
Patient-Prosthesis Mismatch
As shown previously by Blais et al, PPM represents a strong and independent risk factor for short-term mortality and its prevalence after AVR varies between 19 and 70%. 23 In our SJM Trifecta cohort, the incidence of moderate and severe PPM was 31.7 and 17.1% across all annulus sizes, respectively. In the CEPM Ease group, the incidence of moderate and severe PPM was 39.5 and 10.5%, respectively. Although MPGs were lower and EOAs were higher in the SJM Trifecta group, no statistically significant difference between the two groups with regard to moderate or severe PPM could be observed. In the study of Wendt et al, moderate PPM was 21% in the SJM Trifecta group, 23% in the Carpentier-Edwards Perimount Magna™ group, and 1% in the CEPM Ease group (p < 0.01). Severe PPM was not present in all 346 patients. 17 In comparison to our results, the low incidence of moderate PPM and the absence of severe PPM might be due to the fact that aortic root enlargement was performed in 9 to 25% of their patients. Concerning their higher 30-day mortality (up to 15%), one might speculate that aortic root enlargement and the consecutive avoidance of PPM are also associated with a higher 30-day mortality rate. 17 As shown previously by Ruzicka et al, even
with aortic valve prostheses designed for complete supra-annular implantation, PPM is not completely avoidable in all patients.
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The choice of a bovine prosthesis can optimize hemodynamic performance, as moderate and severe PPM is more frequent when using a porcine prosthesis. 6 Within decision making in case of PPM, the surgeon has to balance between a higher operative mortality in case of aortic root enlargement and a higher short-term mortality in case of moderate or severe PPM.
17,23
Left Ventricular Mass Regression LV hypertrophy is an independent risk factor for morbidity and mortality.
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To date, there are no publications available dealing with the issue of LVM regression after AVR with either the CEPM Ease or the SJM Trifecta biological prostheses. Our results are comparable to the retrospective study of Tasca et al, who examined 88 consecutive patients undergoing AVR with the Carpentier-Edwards Perimount bioprosthesis in small aortic annuli.
14 The authors report of a mean LVM regression ranging from 19.3 to 21.9% (p ¼ 0.860) 1 year after the operation.
14 Despite a significant LVM regression in our cohort, LV hypertrophy was still present in 33.3% of the CEPM Ease patients and in 52.2% of the Trifecta patients. In accordance with our data, the study of Tasca et al found that residual left ventricular hypertrophy was present in 44 to 68%.
Limitations
In the present nonrandomized retrospective study, the follow-up is short. Due to the short-term follow-up, the impact of the new design concept of the SJM Trifecta bioprosthesis on mid-or long-term performance was not studied. There is a possible bias because of the low number of patients in the subgroups according to the native aortic annulus. Maybe a propensity score-based matching including all patients (201 vs. 61) would have been more appropriate. Stress echocardiography was not performed.
Conclusion
The SJM Trifecta valve showed lower MPGs early postoperative and at 1 year as well as higher EOA and EOAI early postoperative when compared with the CEPM Ease bioprosthesis. No significant differences were detected with regard to LVM regression and PPM. Severe PPM and valve-related adverse events were infrequent overall.
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